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Dengue emergence in the temperate 
argentinian province of Santa Fe, 
2009–2020
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Gabriela V. Müller1,3, Diego Mendicino  2, Michael a. Robert5 & Elizabet L. Estallo  3,6 ✉

Dengue virus (DENV) transmission occurs primarily in tropical and subtropical climates, but within the 
last decade it has extended to temperate regions. Santa Fe, a temperate province in argentina, has 
experienced an increase in dengue cases and virus circulation since 2009, with the recent 2020 outbreak 
being the largest in the province to date. The aim of this work is to describe spatio-temporal fluctuations 
of dengue cases from 2009 to 2020 in Santa Fe Province. The data presented in this work provide a 
detailed description of DENV transmission for Santa Fe Province by department. These data are useful 
to assist in investigating drivers of dengue emergence in Santa Fe Province and for developing a better 
understanding of the drivers and the impacts of ongoing dengue emergence in temperate regions 
across the world. this work provides data useful for future studies including those investigating socio-
ecological, climatic, and environmental factors associated with DENV transmission, as well as those 
investigating other variables related to the biology and the ecology of vector-borne diseases.

Background & Summary
Dengue virus (DENV serotypes 1–4), which is responsible for dengue fever, is considered one of the most impor-
tant emerging and reemerging pathogens. Many DENV infections result in mild illness, or even acute flu-like 
illness, but sometimes result in potentially lethal complications such as severe dengue or dengue shock syndrome.

Aedes aegypti mosquitoes are the main vectors for DENV as well as for yellow fever, Zika and chikungunya 
viruses. While transmission occurs mainly in tropical and subtropical climates worldwide, during the last dec-
ade the distribution of DENV has been expanding into temperate regions due to rapid unplanned urbanization, 
increased human movement, and changes in land use and climate1–5. All of these factors can result in changes in 
vector distribution and abundance as well as more favorable conditions for DENV transmission6. In the last 10 
years, DENV’s rapid expansion in temperate regions has generated numerous epidemic events with increasingly 
larger outbreaks and high incidence rates1.

DENV was eradicated from Argentina in the middle of the past century due in part to successful Ae. aegypti 
control programs; however, during 1997 the first autochthonous transmission in the modern era was reported, 
and a subsequent outbreak occurred in subtropical northern Argentina. After the reemergence, successive out-
breaks appeared in the warmest months and were always closely related to outbreaks in neighboring countries7.

In August 2019, the World Health Organization (WHO) warned about the incoming dengue epidemic in the 
Americas. During the 2019–2020 dengue season, cases in the Americas were at their highest ever, with 2,733,635 
dengue cases reported through epidemiological week (EW) 42 of 20198

. Neighboring countries of Argentina 
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such as Brazil and Paraguay reported the highest incidences in the region9–11. As of December 2020, most of 
Argentina’s provinces (17 of 23) have reported autochthonous cases of dengue since its reemergence12.

Santa Fe, a temperate province in central-northeastern Argentina, experienced significant increases in DENV 
transmission across the last decade with four dengue outbreaks (Fig. 1). Santa Fe province is one of the most 
populated and productive areas of the country. In fact, it features international road connections through the 
bi-oceanic corridor and the Parana-Paraguay waterway, which gives Santa Fe a privileged geo-strategic location. 
This central bi-oceanic corridor connects Chile and the Pacific Ocean with Uruguay and the Atlantic Ocean. 
Santa Fe also connects the southern provinces of Argentina with those of the center and northeast (Fig. 1b). 
Indeed, Santa Fe is a place of passage for land cargo and passengers with Bolivia, Paraguay and Brazil which are 
neighboring countries with endemic DENV circulation13.

According to the Argentina Ministry of Health (MoH), Santa Fe Province is within the central epidemiological 
region of the country together with Buenos Aires City and Buenos Aires, Córdoba, and Entre Ríos Provinces. 
Therefore, we will refer to Santa Fe as being within the central region even though the province is climatically sim-
ilar to and geographically positioned in central northeastern Argentina. In 2009, Argentina experienced dengue 
outbreaks in its central region for first time. Since then, cases have been reported each year with the largest num-
ber to date occurring in 2020 when more than 50% of all cases in the nation occurred in this region. Moreover, 
in 2020, Santa Fe Province faced its largest dengue epidemic since dengue re-introduction in the country despite 
control efforts of the Health Ministry of Santa Fe (MoS) and the MoH14.

The aim of the present work is to perform a detailed description of spatio-temporal fluctuations of dengue 
cases since 2009 in the temperate Santa Fe Province of Argentina. We also present dengue case distribution and 
incidence by departments within the province. The database included in this paper is important for future DENV 
studies in the central temperate region of the country, and it is an important source of information for researchers 
investigating dengue emergence in temperate regions worldwide. Studies of drivers of dengue transmission such 
as climate change, environmental and meteorological changes, and socio-economic variables will benefit from the 
data presented in this work as our databases can be combined with other available data to study these and other 
factors associated with dengue emergence in this region. Studies with mathematical models could utilize these 
data to investigate previous outbreaks and predict future outbreaks and dengue case occurrence, and this study 
could be useful for stakeholders in making decisions related to dengue prevention, control, and management at 
local, national, or even international levels.

Methods
Dengue cases were documented between January 2009 and May 2020 in Santa Fe Province (Fig. 1). The region is 
characterized by a homogeneous geomorphological conformation where the Chaco-Pampeana plain predomi-
nates. It consists of a mosaic of wet savannahs and grasslands, subtropical dry forests, gallery forests, shrublands, 
river inundation plains, and a wide variety of wetlands (e.g., streams, marshes, swamps). The climate in the region 
is temperate with hot summers and no dry season, according to Köppen-Geiger’s climate classification15. The 
study area presents a latitudinal gradient with maximum temperature and precipitation observed in the north and 
minimums in the south. The average maximum temperatures in summer range between 32 and 30 °C, and mini-
mum temperatures in winter range between 9 and 3 °C (http://www.smn.gov.ar/serviciosclimaticos). In summer, 
the monthly precipitation varies between 168 and 136 mm, and in winter it varies between 26 and 13 mm (http://
www.smn.gov.ar/serviciosclimaticos). There is more precipitation in the northeast and less in the southwest. The 

Fig. 1 (a) Location of Argentina in South America in relationship to neighboring countries. (b) Map of 
Argentinian provinces with Santa Fe Province highlighted.

https://doi.org/10.1038/s41597-021-00914-x
http://www.smn.gov.ar/serviciosclimaticos
http://www.smn.gov.ar/serviciosclimaticos
http://www.smn.gov.ar/serviciosclimaticos


3Scientific Data |           (2021) 8:134  | https://doi.org/10.1038/s41597-021-00914-x

www.nature.com/scientificdatawww.nature.com/scientificdata/

Paraná River is the main waterway and defines the eastern border of the province, along with a complex system of 
islands, main channels, lagoons, and wetlands. The dynamics of the Paraná River floodplain are strongly shaped 
by cycles of rises and falls in water levels16. The Salado River is another important waterway that crosses the center 
of the province from west to east flowing into the Paraná River. Santa Fe Province is divided into 19 departments 
and contains a total population of 3.2 million inhabitants17.

Surveillance of arboviruses in Argentina is carried out in an integrated manner, within the surveillance 
framework for nonspecific acute febrile syndrome and cases that meet specific definitions for each arbovirus. 
Notifications of suspicious cases are made through the National Health Surveillance System. The MoH, through 
the National Directorate of Epidemiology and Analysis of the Health Situation, publishes with varying frequency 
the Integrated Surveillance Bulletin in which the number of total dengue cases are detailed by province (https://
www.argentina.gob.ar/salud/epidemiologia/boletinesepidemiologicos).

The data presented here were collected primarily from public health reports provided regularly by the 
Argentinian National MoH. We identified key data in the reports for characterizing DENV emergence, including 
the year-to-month cumulative number of dengue probable cases (i.e., with at least one positive laboratory diag-
nosis) as well as confirmed cases (with two positive laboratory tests), autochthonous (i.e., locally transmitted) and 
imported (i.e., illness in someone with travel history to a region with arbovirus activity) cases of dengue virus in 
Argentina. In some years, the reports included information on serotypes of dengue cases and/or regions asso-
ciated with imported cases (i.e., regions where imported travelers were thought to have acquired the infection) 
between January 2009 and May 2020. This study does not include suspected and unconfirmed cases (suspected 
cases have infection symptoms without any laboratory diagnosis).

We analyzed the spatio-temporal fluctuation of DENV cases and identified the areas and periods with the 
highest incidence of DENV transmission. The cases were reported monthly at a department scale (i.e., county 
scale) between 2009 and 2019. Additionally, cases were reported monthly at the city scale only between January 
and May 2020. We created a time series of monthly incidence (number of cases per 10,000 inhabitants) to deter-
mine the progression of outbreaks during the whole study period. Additionally, we created a time series with the 
number of cases per EW between January and May 2020 to describe the most recent and most important out-
break in the province to date. We also created a dengue incidence map (number of cases per 10,000 inhabitants 
per department) to facilitate a better understanding of the most affected departments across all years of dengue 
activity in the province.

Data Records
The database is publicly available online (via figshare18) as a collection of three databases of Santa Fe Province 
(Argentina) dengue cases. The first file presents data aggregated by province department, for 2009–2020, and 
contains the total number of cases as well as dengue incidence per 10,000 people. The second file contains the 
number of cases per month at the province level, divided by imported and autochthonous cases, and the monthly 
incidence per 10,000 people. The third file presents the Santa Fe cities with the highest number of DENV cases 
and the corresponding number of cases for each month January-May for the 2020 outbreak. The column headings 
of the files are as follows.

YEAR: The year of the date of the entry.
MONTH: The month of the date of the entry.
AUTO_CASES: Number of autochthonous cases.
IMP_CASES: Number of imported cases.
TOTAL 2009–2020: The sum of the number of cases that occurred between 2009 and 2020.
POP_SIZE: Population size based on estimates of the National Institute of Statistics and Census (INDEC, 

https://www.indec.gob.ar/indec/web/Nivel4-Tema-2-24-119).
POP_SIZE_2009: Population size in 2009 from INDEC.
INCIDENCE 2009–2020: The total incidence (per 10,000 people) of dengue between 2009–2020 calculated 

using the 2009 population size from INDEC.
AUTO_INC: Incidence of autochthonous cases (per 10,000 people).
IMP_INC: Incidence of imported cases (per 10,000 people).
EPID_WEEK: The epidemiological week described by MoH bulletin of the given date.
AUTO_IMP_CASES: The total number of autochthonous and imported cases.
DEPARTMENT: Santa Fe Province department name.
CITY: Name of the city.
INCIDENCE: Total incidence by Santa Fe Province department (per 10,000 people).

A total of 6,454 DENV cases were reported in Santa Fe province between January 2009 and May 2020 (6,209 
autochthonous, 245 imported). Figure 2 and Table 1 characterize dengue emergence in the studied period. Four 
dengue outbreaks have been reported in Santa Fe Province since 2009, with the most severe one reported dur-
ing 2020 with 4521 dengue cases, 4457 of which were autochthonous and 64 of which were imported (total 
incidence of 12.78 per 10,000 people). As shown in Fig. 2 during 2016 and 2019 the province also experienced 
outbreaks, with 2016 being the more intense one of these two. During the 2016 outbreak 1014 dengue cases were 
reported with 929 autochthonous and 85 imported cases (total incidence of 2.96 per 10,000 people). During 
2019, 484 dengue cases were reported with 467 autochthonous and 17 imported cases (total incidence of 1.37 per 
10,000 people). During the first outbreak that reached central Argentina in 2009, 154 dengue cases were reported, 
where 120 were autochthonous and 34 were imported cases (total incidence of 0.47 per 10,000 people) (Table 1). 
Imported dengue cases originated mainly from tropical countries where dengue fever is endemic, as well as from 
the northern region of Argentina, although there were also imported cases originating in temperate countries 
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such as Uruguay (Table 2). Although DENV circulation typically occurs each season between January and May, 
autochthonous dengue cases have been reported in Santa Fe between June and December: during August 2009 
(N = 1), July 2011 (N = 1), October (N = 1) and December 2013 (N = 1), November 2016 (N = 2), June 2018 
(N = 4), June 2019 (N = 9), and June 2020 (N = 7).

Figure 3 shows the incidence of dengue by departments (i.e., counties) of the Province of Santa Fe during 
January 2009 to May 2020. Dengue incidence in Santa Fe departments was clearly highest in the northeast area of 
the province that borders with Chaco and Corrientes Provinces located northeast of the country. The predomi-
nant serotype that circulated among all outbreaks was DENV-1 although all four DENV serotypes were detected 
between 2009–2020 (Table 1). During the 2020 outbreak, 56.3% of the cases were detected as DENV-1 (488 cases), 
42.98% as DENV-4 (371 cases) and 0.46% as DENV-2 (4 cases) (Table 1). DENV-4 was widely distributed in the 
province, DENV-2 was reported only in Rosario department and DENV-3 was not reported during this outbreak. 

Fig. 2 Incidence of imported and autochthonous dengue cases each month between January 2009–May 2020. 
Incidence is calculated as the number of cases per 10,000 inhabitants of Santa Fe Province. Population estimates 
were obtained for each year from projections of the National Institute of Statistics and Censuses.

YEAR
Total incidence of confirmed 
and probable cases

N° cases identified 
by serotypes

DENV Serotypes 
Detected Origins of imported cases

2009 0.472 88 DENV-1 (N = 88) Argentina provinces: Chaco, Córdoba, Santiago 
del Estero

2010 0.058 6
DENV-1 (N = 4), 
DENV-2 (N = 1), 
DENV-4 (N = 1)

Brazil

2011 0.203 32 DENV-1 (N = 30), 
DENV-2 (n = 2) No information

2012 0.009 2 DENV-1 (N = 1), 
DENV-4 (N = 1) Brazil

2013 0.047 14
DENV-1 (N = 3), 
DENV-2 (N = 5), 
DENV-4 (N = 6)

Brazil, Paraguay

2014 0.014 3 DENV-1 (N = 3) Brazil, Dominican Republic

2015 0.05 15 DENV-1 (N = 15) Brazil, Ecuador. Argentina provinces: Formosa 
and Misiones

2016 2.96 277 DENV-1 (N = 267), 
DENV-4 (N = 10)

Brazil, Paraguay, Thailand, Uruguay. Argentina 
provinces: Buenos Aires, Chaco, Córdoba, 
Corrientes, Entre Ríos, Formosa, Mendoza, 
Misiones

2017 0.304 76 DENV-1 (N = 76) Brazil, Chile. Argentina provinces: Buenos 
Aires, Córdoba, Jujuy

2018 0.067 8 DENV-1 (N = 7), 
DENV-3 (N = 1) Argentina provinces: Formosa

2019 1.379 75
DENV-1 (N = 71), 
DENV-2 (N = 3), 
DENV-4 (N = 1)

Brazil, Indonesia, México. Argentina provinces: 
Misiones, Salta

2020 12.781 863
DENV-1 (N = 488), 
DENV-2 (N = 4), 
DENV-4 (N = 371)

Brazil, México, Paraguay. Argentina provinces: 
Chaco, Córdoba, Corrientes, Formosa, La Rioja, 
Misiones, Salta.

Table 1. Total incidence of confirmed and probable cases, number of cases confirmed by serotypes, confirmed 
DENV serotypes, and origin of imported cases. Incidence is calculated as the number of cases per 10,000 
inhabitants of Santa Fe Province. Population estimates were obtained for each year from projections of the 
National Institute of Statistics and Censuses.
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Between EW 9 and EW 17, five deaths were reported (0.11% of total cases in the province). Table 2 shows the 
most affected cities during the 2020 outbreak, where almost 80% of cases were reported.

technical Validation
The National Health Surveillance System operated by the MoH reports suspected dengue infections at either pri-
vate or public clinical sites. The Central Reference Laboratory of the City of Santa Fe and the Ambulatory Medical 
Center of Rosario City (both in Santa Fe Province) analyzed samples. The selection of the diagnostic methods by 
either indirect or direct methods is made based on the number of days of the evolution of the symptoms (https://
www.argentina.gob.ar/salud/epidemiologia/boletinesepidemiologicos). The Santa Fe laboratories sent a subset 
of samples to the National Reference Laboratory (INEVH-Maiztegui) in the City of Pergamino, Buenos Aires 
Province, where the diagnostic methods are carried out by viral isolation and neutralization with a flavivirus panel.

The epidemiological information is published online in Spanish at the scale of provinces by the MoH through 
epidemiological bulletins (https://www.argentina.gob.ar/salud/epidemiologia/boletinesepidemiologicos). For 
the purpose of this study, we requested additional case data at the department level from the Santa Fe Province 
ministry of health. We also requested data at the city level for January-May 2020 from the MoH. These data were 
made available in part due to the public information open access national law (N° 27275), with the protection of 
personal data regulated by the National Law N° 25326.

Cities
Total of confirmed 
and probable cases

Population of 
the cities

Total incidence (per 10000 people) of 
confirmed and probable cases Latitude Longitude

Rosario 1212 948.312 12.78 32° 57′ 25.51″ S 60° 41′ 36.84″ O

Reconquista 1096 73.293 149.53 29° 08′ 39.89″ S 59° 38′ 55.18″ O

Rafaela 629 92.945 67.67 31° 15′ 08.58″ S 61° 29′ 29.49″ O

Avellaneda 280 25.995 107.71 29° 07′ 03.79″ S 59° 39′ 29.98″ O

Santa Fe 239 391.231 6.10 31° 36′ 39.07″ S 60° 41′ 49.36″ O

San Jorge 147 18.056 81.41 31° 53′ 49.23″ S 61° 51′ 35.16″ O

Fray Luis 
Beltran 102 15.389 66.28 32° 47′ 00.45″ S 60° 43′ 58.02″ O

Table 2. Cities with the highest number of dengue cases in the 2020 outbreak in the Santa Fe Province. 
Incidence is calculated as the number of cases per 10,000 inhabitants. The population sizes used for incidence 
counts are those obtained from the 2010 census.

Fig. 3 Total incidence of imported and autochthonous dengue cases between January 2009–May 2020 by 
department. Incidence is calculated as the number of cases per 10,000 inhabitants by department of Santa Fe 
Province. 1. 9 de Julio, 2 Vera, 3 General Obligado, 4 San Cristóbal, 5 San Justo, 6 San Javier, 7 Castellanos, 8 Las 
Colonias, 9 La Capital, 10 Garay, 11 San Martin, 12 San Jerónimo, 13 Belgrano, 14 Iriondo, 15 San Lorenzo, 16 
Rosario, 17 Caseros, 18 General López, 19 Constitución.
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Usage Notes
The data presented herein show the increases of DENV cases and DENV transmission in the last decade in Santa 
Fe Province, highlighting the 2020 outbreak as its most important outbreak to date. These data also emphasize the 
importance of this area in the ongoing dengue emergence in the Southern Cone because of its geographic location 
relative to other provinces and neighboring countries where DENV has endemic circulation.

Argentina experienced its most important season of dengue to date in 2020, when 69.5% of the national terri-
tory (16 of 23 provinces) were affected by the dengue outbreak. The dengue outbreak in Santa Fe Province during 
2020 was four times larger than the 2016 outbreak. The department of General Obligado, in the northeast region 
of the province, presented co-circulation of DENV 1 and 4. This area also connects to northern provinces of the 
country that border the neighboring countries of Brazil and Paraguay where dengue regularly has high incidence, 
suggesting southern spread of dengue transmission is being driven by importation from neighboring countries. 
In addition to increases in overall transmission, concern over dengue transmission in the region is mounting due 
to the presence of multiple serotypes co-circulating. In 2020, areas of southern Brazil reported co-circulation of 
DENV 1, 2, and 4 until EW 2310. In Paraguay, cases of DENV 1, 2, and 4 were identified11. Co-circulation of more 
than one serotype and the increases in dengue severity caused by this is a high concern for Santa Fe Province, and 
other temperate areas where dengue is actively emerging (https://www.paho.org/en/topics/dengue).

Global predictions for dengue distribution emphasize that transmission is most likely to occur in tropical 
regions, with areas of greatest risk in Asia and The Americas19. Risk assessments such as these often consider 
factors such as climate, human movement, and vector distribution. To assess risk in Santa Fe Province, the data 
presented here could be coupled with climate data to better understand the relationships between changes in 
climate and meteorological anomalies and ongoing dengue emergence19. Another key factor in dengue transmis-
sion is human movement3,19, and the data herein could be utilized to investigate how human movement patterns 
in Santa Fe Province and in Argentina could potentially be driving recent dengue activity. Furthermore, a global 
Ae. aegypti and Ae. albopictus distribution study shows that among the most important predictors of Aedes pop-
ulations is vegetation indices20. Socio-ecological behavior associated with cities and rapid urbanization generate 
appropriate places for mosquito development6

, and unplanned growth can lead to the lack of essential services 
such as garbage depots, insufficient health systems, and comprehensive entomological surveillance7. Coupled 
with vegetation indices and sociodemographic data, the data presented here could be used to investigate the 
role that urbanization and changes in socioeconomical dynamics have played in dengue transmission. Finally, 
the 2020 outbreak is in unique context due to the COVID-19 pandemic, during which people in Argentina have 
had mandatory quarantines. It is possible that the dengue epidemic in 2020 was particularly severe in part due to 
the increased time that people are spending in their homes, which potentially increases exposure to Ae. aegypti 
mosquitoes21, as well as reductions in mosquito surveillance and control that have occurred during this time22. 
The data presented here will be useful for understanding the role that the COVID-19 pandemic has had on the 
dynamics of other infectious diseases by providing one case study of a region that has experienced increases in 
vector-borne disease transmission during the COVID-19 pandemic.

The data presented in this work provide a detailed description of DENV transmission for Santa Fe Province by 
department to highlight the recent and ongoing emergence of dengue in the province. These data together with 
other work from temperate Argentina2,21 will be useful in better understanding the impact of dengue emergence 
and reemergence in other areas of the world. Indeed, these data can be combined with other existing data sets to 
contribute to future studies including those aimed at investigating socio-ecological, climate, and environmental 
factors associated with dengue emergence, as well as those aimed at understanding the influence of other varia-
bles related to the biology and the ecology of vector-borne diseases.
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